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ABSTRACT

The taxonomic status of the green water snake, Nerodia
cyclopion, is re-evaluated.

The two recognized subspecies

are compared by using a variety of standard morphological

characters, and significant differences are noted.

Discrim

inant analysis of head-scale measurements provides highly

significant separation of the two taxa.

Examination of

specimens from the zone of parapatry reveals no evidence of
recent gene flow between the taxa.

Based on these morpho

logical data, plus the biochemical and ecological data of

other workers, I suggest that the subspecies be recognized
as full species, Nerodia eyelopion and Nerodia floridana.

viii

INTRODUCTION

The Green Water Snake, Nerodia eyelopion, was origin
ally described in 1854 (Dumeril, Bibron, and Dumeril) under

the name Tropidohotus cyclopium.

The type specimen was

said to be from New Orleans.
Goff (1936) described the distribution and variation

of Nerodia cyclopion.

He discovered that the Green Water

Snake had two geographically distinct phenotypes and pro
posed that they be given subspecific recognition.

The

nominate subspecies, N. c. cyclop ion, was reported to occur
along the Gulf Coast of the United States from Victoria

County, Texas, to Mobile County, Alabama, and northward
through the Mississippi River valley to southern Illinois.

The distribution of the eastern race, N. c. floridana, was
said to extend from coastal South Carolina southward

throughout peninsular Florida, and westward to the vicinity

of Tallahassee (Leon County) in the Florida Panhandle.
Goff distinguished the two forms on the basis of their
strikingly different ventral color patterns, differences in

the average numbers of subcaudals, ventrals, infralabials,
and lateral bars in the dorsal color pattern, and differ

ences in relative tail length.
Goff speculated that intergrades between Nerodia c.

cyclopion and N. c. floridana would be found where the
ranges of the two forms meet, presumably somewhere between

1
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Mobile, Alabama (his easternmost locality for cyclopion),
and Leon County, Florida (his westernmost locality for
floridana).

Goff did not have access to any specimens

from this area, however, and so had no direct evidence

of intergradation.
Pearson (1966) reported the results of serological

and immunoelectrophoretic comparisons of a variety of

snakes of the genus Nerodia.

He stated that "A low

relationship between N. c. cyclopion and N. c. floridana
indicates that a re-evaluation of their status as sub
species should be considered; elevation to full species

is suggested."

Mount (1975) reviewed the Nerodia cyclopion problem
in his book on the herpetofauna of Alabama.

He provided

locality data for both cyclopion and floridana from

Baldwin County, Alabama, and stated that "Clear evidence

of intergradation...is lacking," although he did mention
a series of specimens from extreme southeastern Baldwin
County that appeared to be somewhat intermediate.

Mount

also outlined apparently different dietary and habitat

preferences between the two forms.
I undertook a morphological analysis of Nerodia
cyclopion in an attempt to resolve the above-mentioned
taxonomic and distributional uncertainties. In order not

to anticipate the conclusions of this paper, the two taxa
hereinafter will be referred to simply as cyclopion and
floridana.

MATERIALS AND METHODS

During the course of this study, I examined 409

specimens of green water snake from the following collections:
AMNH--American Museum of Natural History; AUM--Auburn Univer

sity Museum; ChM--Charleston Museum; CM--Carnegie Museum of
Natural History; INKS—Illinois Natural History Survey;

LSUMZ--Louisiana State University Museum of Zoology; MCZ-Museum of Comparative Zoology, Harvard University; MMNS--

Mississippi Museum of Natural Science; SREL--Savannah River
Ecology Laboratory; TCWC—Texas Cooperative Wildlife Coll
ection; TU—Tulane University Herpetological Collection;

UAHC--University of Alabama Herpetological Collection; UF--

Florida State Museum, University of Florida; UIMNH--Univer
sity of Illinois Museum of Natural History; UMMZ--University

of Michigan Museum of Zoology; USA--University of South

Alabama; USNM--National Museum of Natural History.

I did not attempt to examine every available specimen
of green water snake.

In both the borrowing of material

and the data collection process, emphasis was placed on a

relatively few localities from which large samples were
available and on populations near the periphery of the

distribution.

I attempted to examine every available

specimen from Alabama and the Florida Panhandle.

Figure 1

indicates localities for the specimens examined during this

study.
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Figure 1.

Localities for Nerodia cyclopion (solid
circles) and No floridana (open circles)
examined during this study.
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Snout-vent length and tail length were determined to

the nearest mm (snout-vent length being the distance from
the tip of the rostral scale to the posterior edge of the

anal plate).

Neither tail length nor subcaudal number was

recorded for specimens having an incomplete tail.

Head

length, measured in a straight line from the tip of the

rostral scale to the posteriormost point of the mandible,

was determined to the nearest 0.5 mm with dividers and a
10-cm rule.

Relative tail length was determined by dividing

tail length by total length (Snout-vent length + tail length).

The number of ventral scales was determined by the

Dowling method (Dowling, 1951).
include the terminal scale.

Subcaudal counts did not

Dorsal scale-row

counts were

made one head-length posterior to the head, at midbody, and

one head-length anterior to the vent.

Meristic data on head scalation included the number
of preoculars, postoculars, suboculars, temporals, supra

labials, and infralabials.

Counts were made on both sides

of the head.

The dimensions of certain head scales were determined
to the nearest 0.01 mm with a dissecting microscope fitted

with a 100-unit ocular micrometer.

Figures 2, 3, and 4

illustrate these measurements.

A complete data set (head, body, and tail lengths, scale
counts, and head scale measurements) was obtained from 241

of the specimens examined.

Fewer data (usually head, body,

and tail lengths, and scale counts) were recorded for the

7

Figure 2.

Lateral view of the head of Nerodia cyclopion
illustrating the method of scale measurement.

Measurements are: 1) loreal dorsal length, 2)
loreal ventral length.

8

9

Figure 3O

Dorsal view of the head of Nerodia cyclopion

illustrating the method of scale measurement.
Measurements are: 3) muzzle width, 4) internasal
length, 5) prefrontal length, 6) muzzle length,

7) frontal length, 8) frontal extension length,
9) parietal length.
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Figure 4.

Ventral view of the head of Nerodia cyclopion
illustrating the method of scale measurement.

Measurements are: 10) anterior genial length,

11) posterior genial length.
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other 168 specimens.

For each specimen, I noted the color and relative
darkness of the dorsal and ventral pigmentation, with

emphasis on the ventral pattern.

Many specimens were

photographed to aid in the comparison of ventral patterns.

Two workers (Goff, 1936; Mount, 1975) have used the number
of lateral bars on the dorsum as a taxonomic character.
However, in many preserved specimens, especially those of

large size, these bars are obscure.

Also, the number of

bars may vary substantially on either side of a single
specimen (pers. observ.; Garton et al., 1970).

Therefore,

no attempt was made to use lateral bar counts in my study.
Some scale-count data were subjected to Student’s

t-test of equality of sample means.

Relative tail length

in females was treated by regression analysis.

Head-scale

mensural data were subjected to multivariate discriminant

analysis.

ANALYSIS OF STANDARD CHARACTERS

The characters analyzed below are morphological

features that have become standard characters for snake
systematists working at lower taxonomic levels; they in

clude all of the characters utilized by Goff (1936).
Relative Tail Length

Males experience no significant ontogenetic change
in this feature, although very small ( 200 mm snout-vent)
and very large ( 800 mm snout-vent) individuals do have

tails that are relatively longer or shorter, respectively,
when compared to males with snout-vent lengths between 200
and 800 mm.

Statistical analysis of relative tail length

in males tests only those specimens in the 200 to 800 mm

size class •

Pooled samples of floridana and cyclopion males have

mean lengths of 26.6 percent and 24.6 percent, respectively.
These figures are very close to those reported by Goff

(26.9 percent and 24.9 percent) and are significantly
different (p<.01) when tested with Student’s t-test.

Figure 5 summarizes relative tail-length data for male
cyclopion and floridana.

There is no well-defined geograph

ic variation in either eyelopion or floridana.

1 In my sample of eyelopion, 12 percent of the males and 13

percent of the females had incomplete (stubbed) tails.
In
floridana, I found stubbed tails in 26 percent of the males
and 27 percent of the females.
14
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Figure 5.

Geographic variation in relative tail length

of male Nerodia cyclopion and N. floridana.

In each pair, the number in parentheses is
sample size, the other number is tail length

expressed as a per cent of total length.

In

the area of sympatry, data for cyclopion

and floridana are designated C and F, respect

ively.
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Garton et al.

sample

(1970) found relatively short tails in a

of cyclopion from Illinois (mean = 22.8 percent).

However, the bodies of snakes will shorten to some extent

upon preservation, whereas the tails often do not shorten
noticeably.

The sample described by Garton et al. included

a number of specimens they collected personally.

If these

animals were measured before or shortly after preservation,

the mean relative tail length for the sample could have
been skewed.

All specimens included in my work were in

preservative for at least one year prior to measurement.
Male floridana from Bay County, Florida, and George
town County, South Carolina, tend to have shorter tails

than those from peninsular Florida, but this may reflect

the very small sample sizes of the former.
Female eyelopion and floridana experience significant
ontogenetic variation (slope >zero, p<.05), but the

slopes of the two generated regression lines are not

statistically distinct (p>.05)

(Figure 6).

Female

floridana exceed female cyclopion in relative tail length,

but there is considerable overlap in this character and
testing the regression lines reveals no significant differ
ence (p>.05).

Correlation for females of both taxa was

low (-0.235 and -0.336 for cyclopion and floridana respect

ively) .

2

Because of this ontogenetic variation, plotting the
relative tail lengths of females on a map, as was done
for males, was not possible.

18

Figure 6.

Regression of relative tail length vs. snout
vent length for female Nerodia eyelopion and N.

floridana.
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Subcaudal Scales

Figures 7 and 8 summarize variation of subcaudal scale
counts in males and females, respectively.

As in most

species of snakes, there is sexual dimorphism in subcaudal

number.

In both cyclopion and floridana, this difference

is significant (p<. 01), with males of both forms having
5-10 scales more than females from the same localities.

In both sexes, floridana has more subcaudals than

cyclopion.

In cyclopion, there is clinal variation, with

northern populations having fewer subcaudals than the
southern populations.

Cliburn (1960) reported that western

populations of eyelopion have fewer subcaudals than eastern
populations, but my study reveals no east-west pattern of

variation.

There does not appear to be significant geo

graphic variation in subcaudal counts of floridana.
□
The series of males from the Perdido region has a
mean number of subcaudals (72.5) that is unusually low for

cyclopion, but the females from the same area have a mean
subcaudal number that is typical of other eyelopion popula

tions.

The single specimen of floridana from this area

(AUM 6087, Perdido River near Seminole, Baldwin County,
Alabama) has a stubbed tail, which precluded counting its

3

Hereafter, ’’Perdido region” will refer to that portion
of Baldwin County, Alabama, south of the town of Foley,
Perdido Bay and adjacent streams, and eastern Escambia
County, Florida.

21

Figure 7.

Geographic variation in the number of subcaudal
scales in male Nerodia cyclopion and N. floridana.

In each pair, the number in parentheses is sample
size, the other number is mean number of subcaudal

scales.

In the area of sympatry,

data for

cyclopion and floridana are designated C and F,

respectively.
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Figure 8.

Geographic variation in the number of subcaudal
scales in female Nerodia cyclopion and N.

floridana.

In each pair, the number in paren

theses is sample size, the other number is mean

number of subcaudal scales.

In the area of

sympatry, data for cyclopion and floridana

are designated C and F, respectively.

24
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subcaudal scales.

Ventral Scales
Figures 9 and 10 summarize ventral scale variation in
males and females, respectively.

There is no pattern of

sexual dimorphism in ventral counts.

There does not appear

to be any geographic variation in eyelopion.

There also is

no obvious pattern of geographic variation in female
floridana, but males of that taxon do tend to have fewer

ventral plates in the southern half of Florida.
In both sexes, cyclopion has more ventrals than

floridana.

Significance for both sexes was high (p<. 01) .

Subocular Scales

The presence of one or more subocular scales is one of
4
the unique features of the green water snakes .
Tables
1 and 2 summarize subocular count data.

Typically,

floridana and eyelopion (throughout much of its range) have

two suboculars on each side of the head.

For this reason,

the 2+2 condition (two suboculars on each side) was used as

the standard for comparison.

Specimens that varied from

this arrangement were placed in one of two categories; those

with fewer than four total suboculars and those with more
than four total suboculars.

Several specimens that had a

1+3 arrangement were added to the 2+2 category.

Appendix II

contains subocular data broken down into more specific
Subocular scales do occur rarely in Nerodia rhombifera
and N. taxispilota (Cliburn, 1960).

26

Figure 9.

Geographic variation in the number of ventral

scales in male Nerodia cyclopion and N. floridana.
In each pair, the number in parentheses is sample

size, the other number is mean number of ventral
scaleso

In the area of sympatry, data for

cyclopion and floridana are designated C and F,

respectively.
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Figure 10. Geographic variation in the number of ventral
scales in female Nerodia cyclopion and N.
floridana.

In each pair, the number in paren

theses is sample size, the other number is mean
number of ventral scales.

patry,

In the area of sym-

data for cyclopion and floridana

are designated C and F, respectively.

a
1
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categories.
Samples of cyclopion from Texas are much more variable

in subocular counts than are those from more centrally loc
ated populations.

The only specimen of cyclopion with no

subocular scales on either side of the head is from Victoria
County, Texas, as is the only specimen of either cyclopion
or floridana having four suboculars on both sides.

Sexual

dimorphism in this feature seems to affect Texas cyclopion
more strongly than in other populations.

Males tend toward

both extremes, with relatively few animals having a 2+2 con
dition, while females show a definite tendency to have fewer

than four suboculars.

Of the two Victoria County specimens

mentioned above, the specimen with 4+4 suboculars was a male,

the one with no suboculars, a female.

Garton et al.

(1970, Table 1) found that Illinois

cyclopion typically have a 1+1 subocular condition.
data have been combined with my own in Table 1.

Their

There

is a definite trend toward a decreased number of suboculars

in the northern part of the range
Subocular values for Louisiana, Mississippi, and Alabama

cyclopiOn vary in an apparently random fashion, yet the 2+2
condition does seem to be the most typical.

There is no discernible pattern of variation in floridana,

and both sexes have a typical condition of 2+2 with deviation
tending toward the lower counts (Table 2).

and Illinois.

Less than 4

of Subocular:

More than 4

4

.

The locality "North

includes specimens from Arkansas, northern Mississippi, Tennessee, Missouri,

Summary of subocular scale counts for Nerodia cyclopion

Total Number

Table 1.
’
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Summary of subocular scale counts for Nerodia

Table 2.

floridana.

Number of Suboculars
Less than 2

2
More than 2

Males

Females

10 1(20.8)2

34 (33.7)

33 (68.8)

56 (55.4)

5 (10.4)

11 (10.9)

Number of individuals.
2

Per cent of total in sample.
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Supralabial Scales

Table 3 summarizes supralabial scale data.

Both

cyclopion and floridana typically have eight supralabials

on both sides of the head.

Appendix III contains supra

labial data organized into more specific categories.

Deviation from the 8+8 condition is bidirectional in
cyclopion females and in both sexes of floridana, but
cyclopion males are remarkable in that deviation is uni

directional toward lower counts.

Infralabial Scales

Tables 4 and 5 summarize infralabial scale data.
Typically, both cyclopion and floridana have 12 infralabial
scales on each side of the head.

Detailed infralabial data

can be found in Appendix IV.

In cyclopion, there is geographic variation in the

direction of deviation from the typical condition.

Samples

from Louisiana and the northern states tend to deviate to

ward a lower count.

In a sample of 24 cyclopion from

Illinois, Garton et al.

(1970) found no individual with more

than 22 total infralabial scales.

There is no discernible geographic trend in floridana
infralabial counts, so they have been lumped in Table 5.

As in cyclopion, floridana has a typical condition of 12+12,
but in both sexes, the tendency in variants is to deviate

toward a higher count.
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Summary of infralabial scale counts for

Table 5.

Nerodia floridana.

Total Number
of Infralabials

Less than 24

24
More than 24

Males
21 (4.2)2

Females

8

(9.9)

40 (83.3)

57 (70.4)

6 (12.5)

16 (19.8)

Number of individuals.

Per cent of total in sample.
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Dorsal Scale Rows

Tables 6, 7, and 8 summarize dorsal scale-row data.
There are no discernible patterns of geographic variation

in the number of dorsal scale rows in either cyclopion or
floridana.

There is sexual dimorphism in scale row formu

las.

Table 6 summarizes data on anterior scale-row counts.
In cyclopion, most individuals of both sexes have 27 ant
erior scale rows.

However, in males the deviation from

this typical number is always toward the lower count of 25,
while in females, the deviation is primarily toward the
higher count of 29.

In floridana, the typical anterior

scale-row count for both sexes is 29; males deviate toward

the lower count of 27, while in females, most deviation

occurs toward the higher count of 31.

Examination of Table

7, which summarizes posterior scale-row data, reveals a
distribution that is nearly identical to that found in the
anterior scale-row analysis.

Table 8 summarizes scale-row formula data.

This table

contains only those scale-row formulas that were found to

be predominant rather than listing all combinations.

A

comlpete list of scale-row formulas is found in Appendix
V.

Scale-row formulas are necessarily correlated with ant

erior and posterior scale-row counts, and the trends that

emerge from Table 8 are similar to those found in Tables
6 and 7.
Highly significant differences (p<. 001) between

Table 6.

Summary of anterior dorsal scale-row counts.
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Table 7.

Summary of posterior dorsal scale-row counts.
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Summary of most common dorsal scale-row formulas.
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eyelopion and floridana were discovered when dorsal scale -

row data were treated with Student’s t-test.
Coloration
Even though the dorsal color patterns of cyclopion

and floridana are essentially identical, there is a dis

tinct difference in the ventral color patterns.

This

feature first led Goff to suspect that ’’this species occurs
in two distinct geographic races."

In cyclopion, the chin and anterior one-third of the
belly is unpatterned and white to bright yellow.

The posterior two-thirds is dark, usually a shade of brown,
but ranges from light olive green to nearly black.

Most of

these pigmented ventrals have from one to three crescentic,

unpigmented areas, each about one-fifth as wide as the

ventral scute and three-fourths as long.

A relatively dark

midventral stripe is often present that usually covers about

one-fifth the width of a ventral scute.

Figure 11 illus

trates a ’’typical" cyclopion ventral pattern.

The subcaudal scales of cyclopion usually bear a
pattern similar to that of the ventrals except that there
are fewer light crescents per scale.

In most specimens,

particularly those with light to moderately light ventral

coloration, the subcaudals are distinctly darker than the
ventrals.

There is considerable variation in the ventral color
ation of cyclopion.

This variation is rarely an alteration

42

Figure 11.

Typical Nerodia cyclopion ventral

pattern (LSUMZ 42586, Louisiana:

Cameron Parish).

M M M ||
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of the basic pattern, but rather reflects differences in
the color and relative darkness of the pigment.

to quantify this variation proved futile.

Attempts

Ventral color

ation of individuals within almost every sample was found

to vary greatly in relative darkness.

This individual

variation assumes the form of a graded series, which pre
cludes the formation of distinct color-morph groups.
There is a tendency toward darker ventral coloration

in the northern and western extremes of the range of

cyclopion.

In these areas, the ventral coloration

nearly black.

A midventral stripe is usually not discern

ible in these dark individuals, and the edges of the cres
centic markings are very sharply defined (Figure 12). In
more southern and eastern populations, the ventral color

ation is typically a shade of brown or grayish brown, the
midventral stripe is usually evident, and the edges of the
light markings are less distinct.

Pigment is often concen

trated around the edges of these light areas (Figure 13).

The ventral scales of floridana are normally unpigment
ed and white to bright yellow in color, with the yellow

coloration being concentrated beneath the chin and neck,

grading into white posteriorly (Figure 14).

Some specimens

have a ventral pattern that is similar to that of cyclopion,
but this pigmentation is usually very light and is present

only in the posterior regions of the belly.

There is con

siderable variation in the amount and darkness of this

pigmentation, and this variation is strongly influenced by

&
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Figure 12.

Darkly pigmented Nerodia cyclopion

ventral pattern (AMNH 67627, Texas:
Galveston County).
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Figure 13.

Lightly pigmented Nerodia cyclopion
ventral pattern (AUM 22559, Alabama:
Baldwin County).
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Figure 14.

Typical adult Nerodia floridana
ventral pattern (LSUMZ 40294, Florida:
Alachua County).
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ontogeny.

Examination of floridana broods reveals that

nearly every neonate has considerable ventral pigmentation,
although a very few do have nearly immaculate venters.

As

the snakes grow, the apparent darkness of this pigmentation

gradually decreases so that most specimens have lost near
ly all ventral pigmentation by the time they reach 600 mm

snout-vent length.

This lightening could be due to a fail

ure to produce additional melanophores as growth proceeds,

an actual breakdown of the melanophores present at birth,

or a combination of the two.
In those populations from which adequate series were

examined, there is a discernible progression of pattern
reduction.

As Figure 15 illustrates, the blocks of pig

ment that define the crescentic areas disappear first,
leaving a band of pigment along the anterior edge of the

ventral scale.

This band is sometimes obscured by the

overlapping edge of the next scale.

Starting at the

middle, the band begins to lighten, the wedge-shaped

lateral areas of pigment being the last remnants of the
pattern.

In young specimens of floridana, the coloration of the

subcaudal scales is almost identical to the typical
cyclopion pattern, but in most larger specimens this pigmen
tation is somewhat reduced.

Ontogenetic loss of pigment

on the subcaudal scales (see Figure 15) is similar to that
of the ventrals, but the last remnant of pigment is usually

along the midsutural line.

Most floridana, even the except-
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Figure 15.

Ontogenetic change in the ventral
pattern of Nerodia floridana.

Three

different individuals are illustrated.

A) neonate, B) juvenile, C) adult.
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tionally large individuals, retain some pigment in the
central portion of the subcaudal scales.

Dorsal coloration of the two forms is similar.

The

ground color of the dorsal surfaces ranges from medium
olive green to dark brown.

There is sometimes a middorsal

row of blackish brown bars, five to seven scale rows high

and two to four scales long.

On the lateral surfaces there

are two alternating rows of bars, each usually five scale
rows high and one or two scales long.

These two rows are

often connected by oblique dark lines to form a rhomboidal

pattern.

In lightly pigmented specimens of both taxa these

bars may be reduced to thin, irregular lines, or be absent

altogether.

ANALYSIS OF HEAD SCALE PROPORTIONS

Comparison of the heads of cyclopion and floridana

reveals that there is a distinct difference in head shape,
particularly in the region of the snout.

This difference

is not pronounced in juveniles and small adults, but is

very distinct in larger individuals.
Figure 16 illustrates the typical head morphology of

In cyclopion, the head slopes

large adults of the two taxa.

gradually from the parietal region to the dorsal edge of the

rostral scale.

When viewed in profile, the supraocular

scales usually appear to protrude above the plane of the
frontal plate.

The head of floridana does not slope at a

uniform angle.

The dorsal surfaces of the parietal and front

al plates are flattened in most larger specimens, and in some

the anterior end of the frontal plate may be higher than the
interparietal suture.

The slope of the snout anterior to the

frontal is much steeper than in cyclopion.

The entire ant

erior portion of the cranium appears to be higher in
floridana than in cyclopion.

When viewed from above, the

head of floridana is narrower, and when viewed head-on, is

much more laterally compressed than that of cyclopion.

Measurements of overall head dimensions can be unrelia
ble due to distortions caused by preservation and a general
lack of consistent reference points.

Therefore, I employed

measurements of certain head scales (see Figures 2, 3, and 4)
in an effort to quantify head shape.
For statistical analysis of mensural data, I employed
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Figure 16.

Typical head profiles of large adult
Nerodia cyclopion (A) and N. floridana
(B).
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two versions of discriminant analysis available through
the Louisiana State University Systems Computing Center;

release 9.1 of the Statistical Package for the Social
Sciences (SPSS)

(Nie et al., 1975; Hull and Nie, 1979) and

the 1979.1 release of the Statistical Analysis System (SAS)
(Helwig and Council, 1979).

The major purpose of discrim

inant analysis is classification (Pimentel, 1979), and it is
thus a powerful research tool for systematists, especially

those working at lower taxonomic levels.
Briefly, the goals of discriminant analysis (as outlined

by Pimentel, 1979) are as follows:

1.

Testing the equality of group centroids.

A num

ber of measurements are made on each individual in
two or more populations.

(In this study, specimens

were separated into two populations, cyclopion and

floridana, based on ventral color pattern.)

Multi

variate analysis of variance (MANOVA) then provides
a single test of the null hypothesis that the popu

lation centroids^ are equal.

There must be a sig

nificant difference between centroids for further
analysis to be valid.

2.

Classification of individuals into groups.

Dis

criminant scores for each individual, which are cal

culated on the basis of the morphometric data, are

used to classify each individual into one of the
5

A vector containing the means for each variable for a
sample or population (after Pimentel, 1979).
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groups defined by the group centroids previously
specified.

3.

Study of relationships among populations.

This

step measures the extent to which each group differs
from the others.

An extended feature of some programs (SAS in this study)
is that of diagnosis.

Classification criteria are established

using populations of samples as outlined above, then an add

itional group, or "holdout sample", is tested and classified
according to the previously established criteria.
I began my analysis by utilizing the SPSS stepwise

discriminant analysis program.

The data set consisted of

raw head scale measurements excluding data from specimens of
cyclopion from Alabama and Florida and from the single avail
able specimen of floridana from Alabama.

This holdout was

designed to remove any specimens that might be intermediate

due to gene flow between the two forms.

The sexes were

analyzed separately to avoid possible sexual dimorphism.
In a stepwise discriminant analysis, the variable that

best discriminates among the groups enters the model first,

then the next best variable enters, continuing until there
are no more variables that are useful for discrimination.

Male and female samples were found to differ somewhat in

best discriminating variables.

Table 9 lists the variables

in the order in which they entered the SPSS model for each

sex.
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Table 9.

Variables recruited by the SPSS discriminant
analysis program listed in the order in which

i

they entered the model.

Step

Males

Females

"

1

Loreal Dorsal Length

Frontal Length

S

2

Frontal Length

Muzzle Width

'

3

Muzzle Width

Loreal Dorsal Length

4

Head Length

Loreal Ventral Length

5

Posterior Genial Length

Parietal Length

6

Anterior Genial Length

Anterior Genial Length

7

Loreal Ventral Length

Posterior Genial Length

l'
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Table 10 contains various statistics associated with

the SPSS discriminant analyses, and Figures 17 and 18 graphi

cally represent the results of these analyses.

For both sexes,

the group centroids were found to be significantly different
at very high confidence levels (p< 0.0001).
As indicated in Figure 17, cyclopion males are
clearly separable from floridana males on the basis of the

seven variables listed in Table 9.

The single specimen of

floridana that seems to be tending toward the distribution

of cyclopion is from Lake County, Florida, which is near the

center of the Florida Peninsula, far from any possible
genetic influence from cyclopion.
Figure 18 displays analysis results for females.

Specimens of eyelopion were classified correctly in 100 per
cent of the cases, but two specimens of floridana were mis

classified by the analysis routine.

One of these (UF 2809)

is from near Gainesville, Alachua County, Florida.

The data

for this animal do not seem remarkable, except that the

dorsal loreal length (the third best discriminating variable
for females) is greater than that of most floridana of simi

lar lengtho

The other specimen (UF 45781) is from Merritt

Island, Brevard County, Florida.

This specimen’s head was

somewhat disfigured (it may have been road-killed) , and this
may have caused some inaccuracy in measurement.

The frontal

length for this animal is somewhat less than is typical for
other specimens in its size class.

However, Merritt Island

specimens seem to be atypical in many features.

They have
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Table 10.

Statistics generated by SPSS discriminant
analysis.

Males
Number
of Gases

cyclopion

floridana

cyclopion

47

47
(100.0%)

0
(0.0%)

floridana

27

0
(0.0%)

27
(100.0%)

Actual Group

Box’s M

Degrees
of Freedom

Approximate F

28, 11406.8

2.8725

90.704

Significance

0.0000

Females

Number
of Cases

Actual Group

cyclopion

floridana

0
(0.0%)

cyclopion

58

58
(100.0%)

floridana

58

2
(3.4%)

Box’s M

. Approximate F

286.52

5.8354

Degrees
of Freedom
ii5,42694.2

56
(96.6%)

Significance

0.0000
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Figure 17.

All-groups stacked histogram of the first and
only canonical function for male Nerodia

cyclopion (open bars) and N. floridana (hatched
bars).

Arrows indicate group centroids.
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Figure 18.

All-groups stacked histogram of the first and
only canonical function for female Nerodia

eyelopion (open bars) and N. floridana (hatched
bars).

Arrows indicate group centroids.
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consistently darker ventral pigmentation than other

floridana populations examined, and their dorsal loreal and
muzzle width dimensions often fall within the range
of cyclopion.

Christman (1980) found that snakes on coastal

islands are often morphologically distinct from populations
further inland.

He stated that this divergence is probably

maintained by "something in the ecology of the coastal
environment," but genetic drift may also be a contributing
factor.

Larger samples from Merritt Island, along with good

ecological data, may elucidate possible selective pressures

affecting these characters.
The next step in the analysis was to introduce the data
from the holdout sample (those specimens from Alabama and the

Florida Panhandle which were not included in the

western

analysis) and test them against the previously
previous

established classification criteria.

This was accomplished

by incorporating the SAS ■■DISCRIM" routine utilizing the

optional holdout feature. Table 11 contains pertinent statis, .
One hundred percent of the
tics generated by this routm .
males were classified correctly, each case with p-1.0 proba

bility of correct group membership.

Three female cyclopion

.
.
... .
The first (USA 2127, Bay Minette Basin,
were misclassified. I ne n
'
Baldwin County, Alabama) has an anomalous frontal scale that

is much shorter than is typical for cyclopion.

The second

Tei and Mobile County, Alabama)
(MMNS AR-2424(B), Dauphin Islan ,
e
and rather short dorsal
has an exceptionally long fro
reminiscent of floridana.
Its
loreal length, both features
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Table 11.

Results of SAS discriminant analysis.

Figures

opposite C pertain to the sample used to estab
lish classification (calibration) criteria.
Those opposite H pertain to the holdout sample.

MALES
Number of Observations1 and
Percents2 Classified Into Species

cyclopion

From Species

C

42 1 (100.00)2

H

10

(100.00)

C

0

(0.00)

H

0

(0.00)

C

42

(68.85)

H

10 (100.00)

Total

floridana

0

(0.00)

42 (100.00)

0

(0.00)

10

cyclopion

19 (100.00)

(0.00)

19 (100.00)

floridana

0

(0.00)

0

(0.00)

19 (31.35)

61 (100.00)

(0.00)

10 (100.00)

Total

0
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Table 11.

Continued.

FEMALES
Number of observations and
Percents Classified into Species
From Species

cyclopion

floridana

.

Total

(0.00)

49 (100.00)

3 (16.67)

18 (100.00)

(0.00)

40 (100.00)

40 (100.00)

(0.00)

1 (100.00)

1 (100.00)

C

49 (100.00)

H

15

C

0

H

0

eyelopion

(83.33)

floridana

0

C

49 (55.06)

40 (44.94)

89 (100.00)

H

15 (78.95)

4 (21.05)

19 (100.00)

Total
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The specimen has

ventral pattern is typical of eyelopion.

27-27-25-21 dorsal scale rows and 139 ventrals, both

typical of female cyclopion.

The third [USA 1930, Nigger

Lake (= Negro Lake on recent maps) Baldwin County, Alabama]

.

.

.

.

;

;
!

i

is the longest specimen of cyclopion examined in this study.

।

The specimen measures 1005 mm snout-vent length and 1293 mm

j

total length, which exceeds by 23 mm the record for
cyclopion listed by Conant (1975).

The relative muzzle

‘

[
width for this animal is lower than normal for cyclopion,

which may be due to excessive allometry associated with its

I
<

This variation may have exceeded the

L

bounds of the classification criteria, which were estab-

!j

extreme body size.

IJ 'i

j

lished with smaller specimens.
The single available specimen of floridana from Alabama
(AUM 6087, west shore of Perdido Bay, Baldwin County) was

I
c

classified as floridana with p=0.996 probability of correct

<

group membership.

jt

jf

i
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Description of Discriminating Variables
My original intention was to use ratio variables in the
discriminant analysis, but in light of the continuing contro

versy concerning the validity of employing ratios in morpho
metric studies (see Atchley et al.

(1976), Atchley and

Anderson (1978), Atchley (1978) , and Albrecht (1978) for
arguments against the use of ratios; Hills (1978) and Dodson
(1978) offered rebuttals), I chose to perform the discriminant
analysis on raw head scale measurements.

However, ratios are

very useful for descriptions and comparisons.

Table 12 con

tains various ratios incorporating the variables that were
recruited by the discriminant analysis.

Ontogenetic varia

tion was found to be insignificant for most ratios if

juveniles and very large adults were omitted from the sample,
so a two-tailed Student’s t-test was used to determine the
significance of differences between sample means.

Loreal shape.

When expressed as a per cent of head length,

the loreal dorsal length of cyclopion is greater than that
of floridana, but there is no significant difference between

the two taxa in loreal ventral length.

As a result, the

loreal scale of floridana appears nearly triangular in shape,
while that of cyclopion is nearly square.

Muzzle shape.

The muzzle of eyelopion is relatively wider

than that of floridana.

However, muzzle length (the com

bined lengths of the prefrontal and internasal scales) was
not recruited by the discriminant analysis routine, and the

Table 12.

NS indicates difference not significant at p>. 05.

sizes, and significance levels as determined by two-tailed Student's t-test.

Discriminating variables in the form of ratios with associated means, sample
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muzzle length/head length ratios differ to a significant
degree only in females, and then only slightly.

Frontal length.

The frontal scale is relatively longer in

floridana than in cyclopion and has a longer posterior ex
tension, which accounts for the difference in overall length.

Relative frontal length does vary ontogenetically, so

the statistics for frontal length and frontal extension
length were derived from snakes in the 400-600 mm snout
vent size class (males) and the 400-700 mm size class

(females) .

Parietal length.

The parietal is relatively longer in

cyclopion than in floridana and is inversely correlated

with frontal length.
Genial length.

In floridana the anterior and posterior

genials are subequal in length, but the anterior scales are
usually significantly longer than the posterior ones in
cyclopion.

Head length.

Relative head length was a discriminating

variable for males only.

Regression analysis indicates no

significant differences in relative head length, but it does

reveal that male floridana have greater variability (r=0.399)
than male cyclopion (r=0.693).

Since discriminant analysis

utilizes analysis of variance, head length was a good
discriminator even though regression analysis revealed no

significant differences between the taxa.

However, the bio-
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logical significance of this character is questionable.

DISCUSSION AND CONCLUSIONS

When Goff (1936) proposed taxonomic recognition for the
two forms of green water snake, he did so on the basis of

differences in coloration, relative tail length, and scale

counts.

He found that for most of these characters, the

ranges of variation overlapped.

This led him to "suspect

intergradation where the ranges meet."

Overlapping ranges

of variation in morphological features should not necess

arily preclude significant differences in either the statis

tical or the biological sense.

That cyclopion and floridana

are very closely related is unquestionable, and morphological
divergence appears to have progressed at a very conservative
rate since the initial vicariance event.

It would seem

unreasonable to expect consistent nonoverlap of features in
such a system.

Consistent and highly significant differences

in the head scales of cyclopion and floridana are detectable
by discriminant analysis.

Also, with the exception of

several amelanistic specimens (see page 83), all specimens
examined were clearly referable to one taxon or the other on

the basis of ventral coloration.

While less conclusive, sig

nificant differences also exist in relative tail length, as
well as in the number of ventral scales and dorsal scale

rows.

Finally, while not statistically testable due to geo

graphic variation, there is a conspicuous difference in the
number of subcaudal scales.

Pearson (1966) found sufficient biochemical differences

between eyelopion and floridana to suggest elevating them to
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full species.

Robin Lawson (pers. comm.) has also found the

two taxa to be biochemically distinct.

Goff was probably reluctant to propose specific status

for the two forms because of the superficial similarities
between them.

The dorsal and subcaudal color patterns are

essentially identical, as is the overall body shape, and both
taxa have subocular scales.

Goff predicted that

intergradation would occur where

the ranges of the two forms meet, but he did not know where

this contact zone was located, nor did he examine any speci
mens that he considered to be the result of intergradation,

with the possible exception of one specimen from Beachton
(Grady County), Georgia.

He stated that this specimen

was referable to floridana except that it was the only female
specimen in his sample to have a maximum of 29 dorsal scale
rows.

Of the 21 floridana females for which I have complete

scale row data, two (9.5%) have a maximum of 29 dorsal scale

rows.

One of these specimens is from Berkeley County, South

Carolina; the other is from Citrus County, Florida.

Neither

of these animals could have received genetic influence from
cyclopion.

Goff’s suspicions about intergradation in southern

Georgia are understandable in light of his knowledge of

green water snake distribution.

Figure 19 is a reproduction

of the distribution map found in his publication.
Since no specimens were available from the area between

Mobile Bay, Alabama, and southwestern Georgia, Goff had no
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Figure 19.

Localities for Nerodia cyclopion (solid circles)

and No floridana (open circles) examined by Goff

(1936).
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way of knowing the eastern limit of the western form.

Goff

also mentioned a specimen of cyclopion supposedly from

Gainesville, Florida, but he questioned the validity of the
locality data and it did not appear on his locality map.

Uncertainty about the distribution of the green water

snakes in the Florida Panhandle persists.

Carr (1940)

reported capturing two cyclopion in a small lake near
Tallahassee, Florida (Leon County).

floridana from Leon County.

He also reported

Carr included the green water

snake in his list of "instances of intergradation between

i

races within the state" (Florida), but he made no further

comment on the situation.

He may have assumed the existence

of intergradation based on Goff's paper, which appears in

Carr's bibliography.

I contacted Dr. Carr in an effort to

locate the Leon County specimens and he stated that he was

no longer certain that the specimens had been cyclopion.

Conant (1958) indicated that cyclopion and floridana
are parapatric Appalachicola River region (Figure 20).

Cliburn (1960, Ph.D. diss., Univ. Alabama) indicated a distri
bution identical to that of Conant.

Specimens of floridana

from Alabama were reported by Mount (1975).

The distribution

map in the second edition of Conant's field guide, also pub
lished in 1975, indicated that the two forms are parapatric
near the headwaters of Mobile Bay (Figure 21).

One of the goals of my project was to attempt to expand
the knowledge of green water snake distribution in the
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Figure 20.

Distribution of Nerodia cyclopion (cross
hatching) and N. floridana (stippling) after

Conant (1958) and Cliburn (1960).
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Figure 21.

Distribution of Nerodia eyelopion (cross
hatching) and N. floridana (stippling) after

Conant (1975).
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Florida Panhandle.

Numerous field trips by myself to the

western panhandle produced no specimens of floridana and

only one cyclopion (from southeastern Escambia County,
Florida).

Another eyelopion from Escambia County was pro

cured for me by a local collecter.

Mount reported two speci

mens clearly referable to floridana from the panhandle, one
each from Escambia and Walton counties.

No museum specimens

or literature records of either form could be located from

Santa Rosa or Okaloosa counties.

Figure 22 illustrates all

known localities for green water snakes in the Florida Pan
handle. Hopefully, future field work will provide more de
tailed knowledge of the distribution of cyclopion and
floridana in this area.

Specimens intermediate between cyclopion and floridana
have been reported twice from southern Alabama.

Mount (1975)

reported a population of green water snakes in extreme south

eastern Baldwin County that he considered intermediate on the
basis of their light ventral coloration.

While some of these

animals do have venters that are somewhat lighter than speci
mens from the northern parts of Baldwin County, they are very

similar to specimens from other coastal regions, especially
southern Mississippi.

On the basis of scale characters,

these specimens are identifiable as cyclopion.
Mount also mentioned a specimen of floridana taken along

the northeastern shore of Mobile Bay.

This specimen (LSUMZ

15780) is identifiable as cyclopion, but it almost totally

lacks dark pigment.

Another nearly amelanistic specimen of

Figure 22.

Known localities for Nerodia cyclopion (solid
circles) and N. floridana (solid triangles)
in southern Alabama and the western Florida Pan

handle o

The open triangle represents a literature

record for N. floridana.
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cyclopion (AUM 3030) was taken near the eastern shore of
Mobile Bay, west of the town of Fairhope (Baldwin County).

Both of these specimens were classified as cyclopion by the
discriminant analysis routine.
Cooper (1977) reported collecting an intergrade speci

men in Gulf Shores State Park (Baldwin County, Alabama).
The original specimen was lost, but an additional specimen

(donated by Cooper and catalogued as LSUMZ 40089) from the
same locality and with similar ventral coloration is a

eyelopion.

Its ventral coloration is atypical in that the

crescentic areas, which are normally clear, are nearly

obliterated by blotches of dark pigment.

I have seen at

least two other specimens with similar atypical patterns
(LSUMZ 42180 from St. Charles Parish, Louisiana, and TU 5321

from St. John the Baptist Parish, Louisiana).

Thus,

specimens with obscured ventral patterns do occur, albeit
rarely, but they apparently represent color variants, not
intergrades .

Although cyclopion and floridana have not been collected
together, the two forms do appear to be at least parapatric

in the Perdido region.

This study revealed no discernible

evidence of gene flow between the two forms.

Each specimen

was clearly referable to one form or the other on the basis
of morphological data.
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The results of my study and the work of other

researchers have revealed significant morphological and
biochemical differences between cyclopion and floridana.

Examination of specimens from the zone of parapatry reveals
no evidence of recent intergradation between the two forms.
In light of this body of evidence, I would suggest that the
two taxa be recognized as separate species.
Examination of the ecology of the two species may pro
vide som explanation for the morphological divergence bet

ween them.

Nerodia eyelopion and N. floridana, like most

of the North American water snakes, prey upon a wide variety
of aquatic and terrestrial organisms.

Garton et al.

(1970)

found Siren in the stomachs of three cyclopion from Illinois.
Allen (1941) felt that the primary food of floridana was
"Congo eels" (Amphiuma) .

Many authors list fishes, frogs,

and salamanders as common foods for both taxa.

However, the few quantitative investigations of the diets
of Nerodia cyclopion and N. floridana indicate a significant

difference in the dietary preferences of the two.

Clark

(1949) examined ten specimens of cyclopion from Louisiana

and found that two contained no food items and eight con
tained small fishes.

Tinkle (1959), also working with

Louisiana cyclopion, found that fishes were the only food

items present in 18 specimens.

Studies by Mushinsky et al.

(1977, 1982), again with Louisiana cyclopion, concluded that
the snake was a definite fish specialist, with adults feeding

almost exclusively on sunfishes (Centrarchidae).

Kofron

I
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(1978) also found fishes to be the most important food item

for Louisiana cyclopion.

I have dissected a total of 23

specimens of cyclopion from Louisiana, Mississippi, Alabama,

and Texas.

A total of ten food items were found; all were

sunfishes.

Van Hyning (1932) examined the stomachs of 75
floridana from Alachua County, Florida.

Sixty-six percent

of the food items were frogs, fishes made up 26 percent,
and salamanders, eight percent.

I have removed a total of

seven food items from seven specimens of floridana.
seven, there were 5 frogs,

Of the

(3 Rana, 2 Hyla), 1 toad (Bufo),

and 1 sunfish (Lepomis).
Wright and Wright (1957) list the food of Nerodia

cyclopion and N. floridana as "fish, frogs, and toads" and
"frogs, fish, and salamanders", respectively.

Mount (1975)

agreed that the two forms have dissimilar diets, stating
that in cyclopion, "Fish appear to be by far the most im

portant food.

Amphibians are eaten infrequently."

Of

floridana, he wrote "Frogs... constitute the most important
component of the diet."

In snakes, the head is the most evolutionarily
dynamic region of the body.

;

Dietary and/or behavioral

specializations are perhaps the most important selective

;

factors operating on the feeding apparatus of snakes, and
these factors are often cited as the causal agents producing

’

■

changes in head morphology (Greene, 1983; Savitsky, 1983).

ij
i
j
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Quantitative studies indicate that the dietary preferencees

of Nerodia eyelopion and N. floridana are somewhat different.
Some of the morphological differences between the two taxa,

such as differences in relative muzzle width and overall snout
shape, may be correlated with this divergence in dietary
preference.
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APPENDIX I.

Nerodia cyclopion.

SPECIMENS EXAMINED

ALABAMA, Baldwin Co.: AUM 3030,

19345, 19346, 22105, 22290, 22448, 22449, 22450, 22451,

22452, 22455, 22456, 22457, 22458, 22559, 25970, 26618,
CMNH 67353, 67354, 67355, 67385, 67386, LSUMZ 15779, 15780,

40089, USA 1801, 1929, 1930, 1931, 1932, 2127; Mobile Co.:

AUM 29371, MCZ 318, MMNS AR-2424(A), AR-2424(B) , AR-2424(C) ,
NMNH 56259, UAHC 51-546, 53-14, UF 50399, USA 757, 2074,

2075, 2076, 2194, 2227.
NMNH 56258.

ARKANSAS, Desha Co.: UF 48036,

FLORIDA, Escambia Co.: LSUMZ 40401, 40402.

ILLINOIS, '’South": NMNH 1639; Union Co.: INKS 8749, 10002,
LSUMZ 7543.

LOUISIANA, Allen Par.: LSUMZ 18183, 18184;

Ascension Par.: LSUMZ 1566, 4785, 39167, 39168, 39169, 39172,

39786, 39787, 39790; Avoyelles Par.: LSUMZ 2839, 2840, 2841,

2842, 2843, 29337, 20338, 20339; Calcasieu Par.: LSUMZ 16933,
33953; Cameron Par.: LSUMZ 12071, 13701, 14394, 17320, 18761,
18762, 20282, 20283, 23179, 23180, 23305, 22953, 24093,
39221, 40285, 40296; Evangeline Par.: LSUMZ 20180; East
Baton Rouge Par.: LSUMZ 2846, 2847, 8205, 8206, 13135, 13136,

13556,

13702, 13767, 13768,

13780,

13781., 17669, 20276,

20314,

20340, 20341, 20722,

20729,

24081, 24082, 24083,

24084, 24086, 24521, 39187; Iberville Par.: LSUMZ 10466,
18286, 20703, 21059, 24669, 40329; Ouachita Par.: TU 12830,

12831,

12836, 12860, 12861,

12863,

12864, 12865, 12866,

12872,

12914, 12965, 12995,

12996,

12998, 12999, 13000,

13040; St. John the Baptist Par.: UAHC 53-14, 53-42; St.
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St. Landry Par.: LSUMZ 13795, 18669, 20734, 22557, 23531;

St. Tammany Par.: MMNS AR-2427, LSUMZ 12933, 34308, 12985;
West Baton Rouge Par.: LSUMZ 39696.

MISSISSIPPI, Hancock

Co.: MMNS AR-2423, AR-2431 (A) , AR-2431(B), AR-2436, UAHC

65-3518; Harrison Co.: AMNH 46751, CMNH 5248, 5249; Issaquena

Co.: MCZ 149576, 149577; Jackson Co.: MMNS AR-2425, AR-2426
(A), AR-2426(B), AR-2426(C), AR-2435,

AR-2437, UAHC 65-3517,

UIMNH 29120, 32552; Leflore Co.: MMNS AR-2434; Stone Co.:
MMNS AR-2433; Washington Co.: NMNH 103179.

MISSOURI, Butler

Co.: CMNH 7165, NMNH 24466, 56257; Dunklin Co.: NMNH 35654,
56256.

2160.

TENNESSEE, Lake Co.: NMNH 103097, 103098, UIMNH 2159,
TEXAS, Chambers Co.: TCWC 3250, 27425, 27426, 27427,

27428; Galveston Co.: AMNH 67626, 67627; Harris Co.: TCWC
14755, 18213, 27432, 27433, 27434, UF 4386, 4387; Jefferson

Co.: AMNH 67891, 67892, INKS 3135, TCWC 33806, 33807, 33811,
46555, 46556, UIMNH 1137, 1138, 1139, 1140, 1141, 1142,

1362, 1363; Liberty Co.: CMNH 60261; Orange Co.: TCWC 33808;
Victoria Co.; CMNH 827, 829, 1216, 1221, 1238, 1240 1242,

1244, 1246, 1247, 1248, 1249, 1250, 1254, 1258, 1260, 1261,
1262, 1263.

Nerodia floridana.

ALABAMA, Baldwin Co.: AUM 6087.

FLORIDA,

Alachua Co.: UAHC 53-36, UF 2127, 2491, 2809, 2858, 3913,
4762, 7511, 8800, 14211, 45766, 45767, 45768, Bay Co.: LSUMZ

40399, 40400; Bradford Co.: UF 45770; Brevard Co.: UF 4766,
4850, 45778, 45779, 45781, 45782, 45783, 45789, 45790, 45791,

45792; Broward Co.: UF 4759, 21467, 45771; Charlotte Co.: UF

98

50366, 50367; Citrus Co.: UF 2286, 21367; Collier Co.: ChM

CR2285, UF 2372, 4712, 4712; Columbia Co.: UF 45808; Dade

Co.: UF 2370, 2371, 4883, 7286, 14498, 45806, 45858, 45860;
Glades Co.: UF 4779, 7125; Hendry Co.: UF 45804; Highlands
Co.: UF 50372; Jefferson Co.: UF 16126, 16127, 18136; Lake

Co.: UF 4758, 17386; Madison Co.: UF 50388; Marion Co.: UF
7217; Martin Co.: UF 50377; Monroe Co.: UF 50378; Okeechobee

Co.: UF 47859; Orange Co.: UF 18348; Osceola Co.: UF 50374;
Palm Beach Co.: UF 7869-1, 7869-2; Pasco Co.: UF 50389;

Polk Co.: UF 50369.
NMNH 130115,

130116.

GEORGIA, Charlton Co.: CMNH 33497,
SOUTH CAROLINA, Aiken Co.: SREL 91,

739, 2223; Berkeley Co.: ChM CR2270, CR2272, CR2281, CR2282;

Georgetown Co.: ChM CR2284.

APPENDIX II.
COMPLETE SUBOCULAR SCALE DATA

Frequency
floridana

cyclopion

Subocular
Count
(left, right)

males

females

males

females

0,0

1

0

0

3

1,0

0

1

0

0

1,1

22

25

9

24

2,1

1

2

0

1

1,2

4

7

0

6

2,2

28

41

33

56

3 , 2

3

2

0

1

2,3

6

4

1

1

3 , 3

12

8

6

9

1,3

1

0

0

0

4,4

1

0

0

0
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APPENDIX III.

COMPLETE SUPRALABIAL SCALE DATA

Frequency

Supralabial
Count
(left, right)

cyclopion
___________________

floridana
__________________

males

males

females

females

6 , 6

0

0

0

1

7,7

1

6

0

0

8 , 7

4

5

0

1

7,8

2

1

0

0

8,8

82

89

55

31

9 , 8

4

0

1

1

8,9

5

0

3

1

9,9

0

0

1

1
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APPENDIX IV.
COMPLETE INFRALABIAL SCALE DATA

Frequency
cyclopion
Infralabial
Count
(left, right)

males

floridana

females

males

females

10

9

10

4

0

0

0

11

9

10

7

0

0

0

10

9

11

2

0

0

1

11

9

11

15

12

1

1

12

9

11

7

6

0

1

11

9

12

8

8

0

1

12

9

12

45

63

29

45

13

9

12

4

4

1

3

12

9

13

0

2

4

1

13

9

13

1

1

1

8

13

9

11

0

2

0

0
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APPENDIX V.
COMPLETE DORSAL SCALE ROW DATA

Frequency
floridana

cyclopion

Formulas

25-23-19
25-23-21
25-24-21
25-25-19
25-25-21
26-26-21
27-23-19
27-23-21
27-25-19
27-25-21
27-25-23
27-26-21
27-27-19
27-27-21
27-27-23
27-29-21
28-25-21
28-25-23
28-27-23
29-25-21
29-25-23
29-27-20
29-27-21
29-27-22
29-27-23
29-29-21
29-29-23
30-29-23
31-25-21
31-27-23
31-27-25
31-29-21
31-29-23
31-29-25
31-31-25
32-31-24

males

females

0
3
0
0
0
1
0
1
1
57
0
1
8
0
1
1
1
0
0
10
0
0
12
1
2
1
0
0
0
0
0
0
0
0
0
0

15
9
3
4
9
0
5
9
4
33
1
0
0
3
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

males

0
0
0
0
0
0
0
0
0
15
0
0
0
2
0
0
1
0
0
15
0
1
11
1
3
0
0
0
0
0
0
0
0
0
0
0

!

females

0
0
0
0
0
0
0
0
0
o
0
0
0
1
0
0
0
1
1
11
1
o
15
2
22
1
5
2
1
8
1
2
2
1
1
1

1

|

!
;
'

H
H

!
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